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We consider the problem of the ordinary charged fermion mass patterns in the framework of a
version of the 3-3-1 electroweak gauge model, which includes charged heavy leptons. The masses
of the top and the bottom quarks are given at the tree level. All the other charged fermions get
their masses at the one loop level. The Yukawa coupling strength can be universal. The model is
compatible with a mechanism for neutrino mass generation proposed by other authors.
I. INTRODUCTION
The pattern of the fermion masses and mixing an-
gles is one of the major problems of the standard
electroweak model. The standard model is based on
SU(3)C⊗SU(2)L⊗U(1)Y symmetry group and contains
only one Higgs scalar doublet of which only one neu-
tral scalar field remains after the symmetry breakdown.
In this model, the fermion masses are given by mf =
gf vW /
√
2, where gf is the Yukawa coupling constant as-
sociated with the fermion f and vW is the vacuum ex-
pectation value (VEV) of the Higgs field in the theory.
Therefore, the correct values of the fermion masses in the
standard model require appropriate choice of the Yukawa
parameters, making gf to run in a range of O
(
10−6
)
(for
the electron) to O (1) (for the top quark). All the fermion
masses, except to the quark top one, lie very below of the
dynamic scale vW = 246 GeV. Such problems and other
undesired features support the belief that the standard
model is only an effective low energy electroweak theory
and give motivation for developing extensions and alter-
native models.
There are essentially two attempts to understand the
fermion mass and mixing patterns. One of them con-
sists in searching the answer in more fundamental the-
ories such as grand unified theories [1], supersymmetric
left-right [2] and composite models [3], etc. The alterna-
tive road is to construct phenomenological mass matrices,
by employing some specific ansatz, attempting to fit low
energy data [4].
In the present paper, we address the problem of the
charged fermion masses in the context of the SU(3)C⊗-
SU(3)L⊗U(1)N (3-3-1 for short) model in which the weak
and electromagnetic interactions are described through a
gauge theory based on the SU(3)L⊗U(1)N semi simple
symmetry group [5]. The most interesting feature of the
model is that the anomaly cancellations occur only when
the three fermion generations are considered together and
not family by family as in the standard model. This im-
plies that the number of families must be a multiple of
the color number and, consequently, the 3-3-1 model sug-
gests a route towards the response of the flavor question
[5]. The model has also a great phenomenological interest
since the related new physics can occur in a scale near of
the Fermi one. Therefore, since in this model individual
lepton number conservation can be violated, typical 3-3-
1 processes, which are free of the standard model back-
ground, can be studied in the next generation of colliders
[6].
There are several versions of the 3-3-1 model and all
of them preserve the essential features discussed above
[5,7,8]. In this work we are interested in a version which
includes heavy leptons [8]. It is interesting to notice that
these heavy leptons do not belong to any of the four types
of heavy leptons usually considered in the literature, i.
e., (i) sequential leptons, (ii) paraleptons, (iii) ortholep-
tons, or (iv) long-lived penetrating particles. Hence, the
experimental limits already existing do not apply directly
to them [8,9].
Fermion masses and the Cabibbo-Kobayashi-Maskawa
mixing matrix problem have already been considered in
another version of the 3-3-1 model in Ref. [10] where an
SU(2) horizontal symmetry was imposed and all masses
of the first family vanish.
II. BASIC FACTS ABOUT 3-3-1 HEAVY LEPTON
MODEL
Let us summarize the most relevant points of the orig-
inal 3-3-1 heavy lepton model. The left-handed lepton
and quark fields form SU(3)L triplets, i. e.,
ψaL =

 ν
′
a
l′a
P ′a


L
, Q1L =

u
′
1
d′1
J1


L
, (1a)
QαL =

 J
′
α
u′α
d′α


L
, (1b)
which transform as (3, 0), (3, 2/3) and (3∗,−1/3), re-
spectively, where la = e, µ, τ , and 0, 2/3 and −1/3 are
the U(1)N charges [8]. Throughout this work we are us-
ing the convention that the Latin indices run over 1, 2,
and 3, while the Greek ones are 2 and 3. Each charged
left-handed fermion field has its right-handed counterpart
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transforming as a singlet of the SU(3)L group. Right-
handed neutrinos are optional in the model. In order
to avoid anomalies one of the quark families, no matter
which, must transform in a different way with respect to
the other two. The J1 exotic quark carries 5/3 units of
elementary electric charge, while J2 and J3 carry −4/3
each. The primed fields are the interaction eigenstates,
which are related with the respective mass eigenstates
by
νaL = NabνbL, l
′
aL,R = L
L,R
ab lbL,R, (2a)
P ′aL,R = P
L,R
ab PbL,R, U
′
aL,R = U
L,R
ab UbL,R, (2b)
D′aL,R = D
L,R
ab DbL,R, J
′
αL,R = J
L,R
αβ JβL,R, (2c)
where N, LL,R, PL,R, UL,R, DL,R and JL,R are unitary
mixing matrix. We define the physical quark fields as
UL,R = (u c t )
T
L,R,DL,R = ( d s b )
T
L,R and JL,R =
(J1 J2 J3 )
T
L,R with their analogues for the interaction
eigenstates.
In the gauge sector the model predicts, in addition to
the standard W± and Z0, the extras V ±, U±± and the
Z ′
0
gauge bosons.
The fermion and gauge boson masses are generated in
the model through the three Higgs scalar triplets
η =

 η
0
η−1
η+2

 , ρ =

 ρ
+
ρ0
ρ++

 , χ =

 χ
−
χ−−
χ0

 , (3)
which transform under the SU(3) group as (3, 0), (3, 1)
and (3,−1), respectively. The neutral scalar fields de-
velop the VEVs 〈η0〉 = v, 〈ρ0〉 = u, and 〈χ0〉 = w, with
v2 + u2 = v2W . (4)
The pattern of symmetry breaking is SU(3)L⊗U(1)N 〈χ〉7−→-
SU(2)L⊗U(1)Y 〈ρ,η〉7−→U(1)em and so we can expect w >>
v, u. In the original heavy lepton model from Ref. [8]
the η and ρ give masses to the ordinary quarks and the
charged lepton masses come from the ρ Higgs multiplet.
The masses of all the exotic fermions rise through the χ
triplet. The neutrinos can gain their masses at the tree
level by the η Higgs triplet. In the original 3-3-1 heavy
lepton model the full Yukawa Lagrangians, which must
be considered are
Ll = −
∑
ab
(
1
2
ǫijkG
(ν)
ab ψaiL
CψbjLηk+
G
(l)
abψaLl
′−
bRρ−G(P )ab ψaLP ′+bRχ
)
+H. c., (5a)
LQ = Q1L
∑
b
(
G
(U)
1b U
′
bRη +G
(D)
1b D
′
bRρ+
G(J)J1Rχ
)
+
∑
α
QαL
(
F
(U)
αb U
′
bRρ
∗+
F
(D)
αb D
′
bRη
∗ +
∑
β
F
(J)
αβ J
′
βRχ
∗

+H. c., (5b)
where G
(ν)
ab , G
(l)
ab , G
(P )
ba , G
(U)
1b , F
(U)
αb , G
(D)
1b , F
(D)
αb , G
(J) and
F
(J)
αβ are the Yukawa coupling constants. SU(3)C indices
have been suppressed and η∗, ρ∗ and χ∗ denote the η, ρ
and χ antiparticle fields, respectively.
The physical massive eigenstates H+1 , H
+
2 and H
++ of
the charged Higgs bosons of the model are defined by
(
η+1
ρ+
)
=
1
vW
(−v u
u v
)(
G+1
H−1
)
, (6a)
(
η+2
χ+
)
=
1√
v2 + w2
(−v w
w v
)(
G+2
H−2
)
, (6b)
(
ρ++
χ++
)
=
1√
u2 + w2
(−u w
w u
)(
G++
H++
)
, (6c)
where G+1 , G
+
2 and G
++ are the massless charged Gold-
stone bosons [11].
We notice that from Eq. (5b) quarks of the same
charge are coupled through different Higgs multiplets in
Eqs. (3). This leads to the undesired flavor changing
neutral currents (FCNCs) at the tree level with the cou-
plings of the quarks through the Higgs and the extra
neutral gauge boson Z ′
0
, but not through those to the
standard Z0. They appear also in the Yukawa inter-
actions involving exotic quarks. This problem was ex-
tensively studied in several papers where is shown that
the Glashow-Iliopoulos-Maiani mechanism can be imple-
mented and the FCNCs are naturally suppressed in the
model [7,12].
III. CHARGED FERMION MASSES
Let us now study the consequences of the model to the
quark and lepton masses. In this paper we concentrate
in the Yukawa sector of the model and we implement a
scheme to generating charged ordinary mass terms with
Yukawa universality. Thus, in order to describe the mass
patterns we see from Eqs. (5b) that some of them must
be generated at loop level. It is possible since we allow
all the exotic fermions to gain their masses at tree level
via the χ Higgs triplet.
We analyze firstly the quark sector. We note that if
the S3 permutation symmetry operates within each quark
family in Eq. (5b) before the symmetry breaking we have
not Yukawa hierarchy in each charge sector of the quarks
at the tree level. In addition, if we impose also S3L⊗S3R
permutation symmetry among the quark families and the
S3 symmetry among the Higgs multiplets, supplemented
by the set of discrete symmetry
η → ρ∗, ρ→ η∗, χ→ χ∗, QaL → QaL, (7a)
U ′R → U ′R, D′R → D′R, J ′R → J ′R, (7b)
the Yukawa coupling strength universality is imple-
mented in all quark sector. Therefore, the mass matrices
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for the 2/3 and the −1/3 charge sector can be written
as
ΓU = G

 v v vu u u
u u u

 , (8a)
ΓD = G

−u −u −uv v v
v v v

 , (8b)
respectively. Thus, only two quarks, which we identify
as the top and the bottom one, gain masses at the tree
level. Therefore, from Eqs. (8) we have
v =
2mt −mb
5G
, u =
mt + 2mb
5G
. (9)
In the ΓD mass matrix of the Eq. (8b) we made a conve-
nient choice of the signs in order to obtain positive values
for the VEVs v and u in Eqs. (9). We should noticed
that this result can also be obtained by an appropriated
transformation of the fermion fields via the γ5 matrix.
From Eqs. (4) and (9) we have
G =
1
vW
√
m2t +m
2
b
5
. (10)
The masses of the other quarks can be induced by one
loop radiative corrections scheme. From Eqs. (2b), (2c),
(5b) and (6) we constructed the diagrams of the Figs. 1
and 2. It is easy to see that the contributions of the Fig.
1 to the mass matrix elements of the 2/3 charge sector
are
m
(U)
ab =
wG2
8π2
U
R
cb
{
v
v2 + w2
∆1cU
L
1b
†
I (mJ1 ,mH2)+
u
u2 + w2
∆αc∆βσU
L
βc
†
[
J
L
α2
†
J
R
σ2×
I (mJ2 ,mH) + J
L
α3
†
J
R
σ3I (mJ3 ,mH)
]}
, (11)
U
0
aR
H
+
2
 
H
++
!
J
1L
(J
L
)
m
J
1
 
m
J

!

J
1R
(J
R
)
U
0
bL
FIG. 1. One loop diagram which contributes to the mass
matrix of the quarks of 2/3 charge.
where mH2 and mH are the masses of one of the single
charged and of the double charged Higgs boson, respec-
tively [see Eqs. (6)], ∆ab = 1 and
I (x, y) =
x3
x2 − y2 ln
x
y
. (12)
For the −1/3 charge sector the contributions from Fig.
2 are similar, i. e.,
m
(D)
ab =
wG2
8π2
D
R
cb
{
u
u2 + w2
∆1cD
L
1a
†
I (mJ1 ,mH)+
v
v2 + w2
∆αc∆βσD
L
βc
†
[
J
L
α2
†
J
R
σ2×
I (mJ2 ,mH2) + J
L
α3
†
J
R
σ3I (mJ3 ,mH2)
]}
, (13)
D
0
aR
H
++
 
H
+
2
!
J
1L
(J
L
)
m
J
1
 
m
J

!

J
1R
(J
R
)
D
0
bL
FIG. 2. One loop diagram which contributes to the mass
matrix of the quarks of −1/3 charge.
Let us discuss now the case of the charged lepton masses.
We can see from Eq. (5a) that in the original 3-3-1 heavy
lepton model the ordinary charged leptons can get their
masses from the ρ Higgs triplet in Eq. (3) at the tree
level. However, from Eqs. (9) the VEV u is ≈ 2vW /
√
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and from Eq. (10) G ≈ 0.3, with mt ∼ 174 GeV ≫
mb [9]. Therefore, the tree level charged lepton masses
would be out of the experimental ranges in our scheme.
However, we can introduce a set of discrete symmetries
in the leptonic sector, in addition to the ones in Eqs. (7)
for the quarks and scalar fields, which forbids tree level
charged lepton masses, i. e.,
ψ1L → iψ1L, ψαL → ψαL, l′1R → l′1R, (14a)
l′αR → −l′αR, P ′aR → P ′aR. (14b)
l
0
aR
H
++
P
L
m
P


P
R
l
0
bL
FIG. 3. One loop diagram which contributes to the mass
matrix of the charged leptons.
In order to implement Yukawa universality in the lep-
tonic sector, we assume also the S3 simmetries within
each lepton family and S3L ⊗ S3R symmetry among the
families. Now, from the Eq. (5a) one realizes that the
charged lepton masses at one loop level can be read from
3
Fig. 3. The mass matrix elements for the charged leptons
are given by
m
(l)
ab = −
G2
8π2
uw
u2 + w2
×∑
c
I (mPc ,mH)∆α1P
L
αc
†
L
R
1b∆βdL
L
βa
†
P
R
dc. (15)
For sake of simplicity we are assuming equal strength of
the Yukawa coupling for the quark and the lepton sectors.
Let us give a simple numerical example in order to
demonstrate the model reliability to reproduce the cor-
rect charged fermion mass patterns. For simplicity we
assume all the parameters to be real. For the standard
model parameters we put vW = 246 GeV, mb = 4.3
GeV and mt = 174 GeV [9]. In addition we assume for
the 3-3-1 model w = 2000 GeV, mJa = Gw. Consider-
ing experimental bounds from other models we impose
mH2 = mH = 50 GeV as reasonable values [9]. In the
charge 2/3 quark sector we take the mixing matrix of the
right-handed fields [see Eq. (11)] as
U
R =

 0.98 0.0010 0.00200.0015 0.97 0.12
0.00030 0.014 0.90

 . (16)
For the left-handed fields we take UL11 = 0.74, U
L
12 = 0.020,
U
L
13 = 0.68. The other elements of the U
L mixing matrix
are not necessary in these calculations. In order to obtain
the standard model experimental values of the ordinary
charged quark masses we assume that the mixing in the
second and third terms of the right-handed side in Eq.
(11) contribute as
U
R
cb∆αc∆βσU
L
βc
†
J
L
α2
†
J
R
σ2 =
U
R
cb∆αc∆βσU
L
βc
†
J
L
α3
†
J
R
σ3 = 2.64. (17)
With these values for the parameters we obtainmu ≈ 3×
10−3 GeV andmc ≈ 1.5 GeV, respectively, for the up and
charm quark masses. The values of the free parameters
were choosing in a way that one loop level contribution
to the quark top mass vanish. In the −1/3 charge sector
we take DR = UR, DL11 = −0.34, DL12 = 0.77, DL13 = −0.55
and
D
R
cb∆αc∆βσD
L
βc
†
J
L
α2
†
J
R
σ2 =
D
R
cb∆αc∆βσD
L
βc
†
J
L
α3
†
J
R
σ3 = 0.17. (18)
These parameters give for the masses of the down and
strange quarks md ≈ 5 × 10−3 GeV and ms ≈ 0.1 GeV,
respectively. Radiative contribution to the bottom quark
mass is zero.
Taking the limit in which the mixing term in Eq. (15)
is a diagonal matrix we can also reproduce the stan-
dard model experimental values for the ordinary charged
lepton masses provided the relations m
(l)
11 = 0.46me,
m
(l)
22 = 0.46mµ and m
(l)
11 = 0.46mτ are valid. For sim-
plicity we considering here equal contribution of the three
terms in Eq. (15).
Certainly there are several reasonable combination
of the free parameters which lead to the correct phe-
nomenology. The numerical example above is one of
them which we are employing to illustrate the viability
of the model.
IV. NEUTRINO MASSES
Finally, let us comment on how our scheme for charged
fermion masses generation can be connected with a pre-
existing mechanism for generation of neutrino masses.
Models for neutrino masses generation in the 3-3-1 model
are discussed in several papers [13,14]. We show that our
scheme can be compatible with the one of the Ref. [14],
where the neutrino mass terms can receive three types of
contributions. They come from diagrams with ordinary
charged leptons, with heavy leptons and from diagrams
allowed by mixing between ordinary charged leptons and
the heavy ones. If we consider only the contribution of
the heavy leptons we have
m
(ν)
ab = λΘab
(
m2Pb −m2Pa2
) vu
w
I (mH1 ,mH2) , (19)
where mH1 and mH2 are masses of the single charged
Higgs bosons and λ is a parameter of the Higgs potential.
Here we are taking lepton mixings into account in the
Θab term, which is not present in the model of the Ref.
[14]. Yukawa coupling constants are also included in this
matrix. However, mixing from the scalar sector is not
contained in it. Thus, the λ constant make the role of
the scalar mixing. The VEVs v and u are given by the
Eqs. (9). For guarantee heavy lepton dominance we
take |m2Pb − m2Pa | = 10 GeV [14]. Assuming Yukawa
universality, with coupling constant given by Eq. (10)
we can write, for simplicity, Θab = α∆ab. The other
numerical parameters are the ones of the charged fermion
discussion in Sec. III. Therefore, from Eq. (19) we have,
for example, m
(ν)
12 ∼ m(ν)13 ∼ 0.01αλ GeV for mP2 ∼ mP3 .
However, to get bi-maximal neutrino mixing we require
m
(ν)
12 ∼ m(ν)13 ∼ 0.01 eV and m(ν)13 /m(ν)23 ∼ ∆m2atm/∆m2sol,
with ∆m2atm ∼ 10−3 eV2 and ∆m2sol ∼ 10−5 eV2 or 10−10
eV2 [9]. Therefore, from Eq. (19) we must have αλ ∼
10−7 and m
(ν)
23 ∼ 105αλ ∼ 10−2 eV. These values for the
neutrino masses are in agreement with the recent data
on solar and atmospheric neutrinos oscillations [15].
V. CONCLUSION
In conclusion, we implemented a model for generation
of ordinary charged fermion masses in the context of the
4
3-3-1 heavy lepton model [8]. The scheme is able to re-
produces the observed hierarchy of the ordinary charged
fermion masses without hierarchy in the Yukawa coupling
strength. In the model the spontaneous symmetry break-
ing occurs in two steps, SU(3)⊗U(1) → SU(2)⊗U(1),
governed by the VEV w, and SU(2)⊗U(1) → U(1), gov-
erned by v and u. The VEV w is responsible for the
masses of the exotic fermions and v and u for the ordi-
nary charged fermion masses. It is required in this work
that v and u are of the same order of magnitude [see Eqs.
(9)]. Only the top and the bottom quarks get masses at
the tree level. The difference among the masses in each
charge sector is controlled by the mixing parameters. It
is possible to show, by a reasonable choice of the free pa-
rameters, that some masses can be very smaller that the
electroweak scale. Our scheme employs S3 permutation
simmetries and the other sets of discrete symmetries in
Eqs. (7) and (14). We remember that permutation sym-
metry was already employed for studies of the fermion
mass and mixing problems in context of other models
[16]. In our mechanism, compared with the standard
model and other extended models, it is easier to under-
stand why the top and the bottom quarks are the heav-
ier known fermions and why the top quark mass is the
only one near to the Fermi scale. We show also that the
scheme is compatible with a mechanism for neutrino mass
generation at one loop level proposed by other authors
[14].
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